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ABSTRACT 
In forensic science, it is important to have the capability to collect, stabilize and 
store deoxyribonucleic acid (DNA) in an efficient manner so that successful and 
probative DNA profiles can be generated.  The success of generating downstream 
profiles is dependent on viable DNA extracts, thus the preservation and protection of the 
samples from degradation or loss is imperative.  According to the National Institute for 
Standards and Technology (NIST) Biological Evidence Preservation Handbook, dried 
biologically stained samples are best stored in a temperature controlled environment, 
which is defined as less than 60% humidity with a temperature maintained between 
15.5°C and 24°C.  Presently, long-term forensic evidence samples, in the form of DNA 
extracts, have a preservative added and are either refrigerated (2°C – 8°C) or stored in 
freezers with temperatures typically set at or below -10°C[1].  However, using freezers as 
a means of sample storage can result in limited storage space, high cost, and risk of 
electrical failure[2].   
Alternative storage methods that can be employed in ambient conditions have 
been implemented in some forensic laboratories and are suitable to protect and preserve 
DNA evidence.  Different stabilizing agents such as SampleMatrix™ and DNAstable™ 
vi 
have been studied to assess their ability at storing and stabilizing extracted DNA at 
ambient temperatures.  Research by Lee et al., showed DNA stored in SampleMatrix™ 
was protected against degradation for up to 12 months and maintained its integrity, 
resulting in a 2-fold increase of recoverability over samples stored in a freezer for the 
same amount of time.  This study also showed that DNA stored in SampleMatrix™ did 
not affect the PCR amplification process and samples that were desiccated and stored in 
SampleMatrix™ resulted in similar completeness of STR profiles with samples stored at 
-20°C for 0.125 ng and 0.25 ng DNA concentrations over the course of 12 months[3].  
DNAstable™ was also shown to have similar storage and stabilizing capabilities over a 
long period of time under various temperature conditions.   
Mawi DNA Technologies’ iSWAB™-ID collection system and its associated 
buffer is capable of being a single step process for collection, extraction, and stabilization 
of biological specimens at room temperature for long periods of time[4].  In addition to 
the known properties of the iSWAB™-ID buffer, this research examines the potential of 
using the iSWAB™-ID buffer to perform a single tube differential extraction.  Various 
conditions of the iSWAB™-Cells-400 non-lytic buffer were also analyzed for their 
potential of stabilizing and protecting DNA stored within whole and intact cells under 
ambient conditions for up to 4 weeks.  The following parameters of the iSWAB™-Cells-
400 non-lytic buffer were tested:  1) ability to extract DNA from the intact cells with 
various methods after cells have been stored in the buffer; 2) compatibility with 
downstream polymerase chain reaction (PCR)-based analyses; and 3) ability to stabilize 
and store intact cells and their DNA for extended periods of time.  
vii 
Overall, both epithelial cells (e-cells) and sperm cells were lysed within minutes 
of being added to the iSWAB™-ID buffer, eliminating the use of this buffer from being 
used for differential extraction.  However, it was determined that the addition of 
dithiothreitol (DTT) aided in the recovery of both e-cell and sperm DNA.  The 
iSWAB™-Cells-400 non-lytic buffer did not protect DNA for periods longer than a 
week, as degradation of DNA extracts was seen in cells stored in the buffer at room 
temperature for a week or more.  Additional modifications to the iSWAB™-Cells-400 
buffer should be explored before cells stored in this buffer can be successfully analyzed 
using short tandem repeat (STR) analysis.  
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1. INTRODUCTION 
1.1 Stability of DNA as Evidence  
 Forensic deoxyribonucleic acid (DNA) analysis consists of generating a short 
tandem repeat (STR) profile.  STRs are repeating regions of DNA within specific loci 
that are unique from individual to individual, with the exception of identical twins[5].  In 
order for a complete and successful STR profile to be produced, the DNA that is analyzed 
must be intact with minimal degradation.  The stability of the DNA molecule is 
dependent on its structure, and disruptions to the composition of the molecular structure 
can result in incomplete or unsuccessful STR profiles[6].  In forensics, it is particularly 
important to be aware of the factors that disrupt the structure of DNA prior to the 
collection and storage of the evidence so measures can be taken to minimize the damage 
or loss of DNA and increase the opportunity to generate a successful analysis.  
DNA is composed of nucleotides, which themselves are made up of a nitrogen-
containing base, a phosphate and a pentose sugar.  The nitrogenous bases that comprise 
DNA are:  adenine (A), thymine (T), cytosine (C) and guanine (G).  Adenine and guanine 
are purines, which have a double ring structure and cytosine and thymine are 
pyrimidines, which have a single ring structure.  The nature of the single and double ring 
structures allows for hydrogen binding between adenine and thymine, and cytosine and 
guanine across the double helix.  Base-stacking and other interactions within the 
molecule including van der Waals forces and dipole-dipole interactions also influence the 
structure and overall stability of the DNA molecule[7].  While the specific structure of 
DNA allows for a stable molecule, all biological macromolecules will naturally begin to 
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decompose over time, and a variety of other external factors can compromise the 
structure and lead to degradation[8].  For example, exposure to heat can lead to 
depurination of DNA[9].  Depurination is the result of hydrolysis of the N-glycosidic 
bonds, causing the release of the purine bases.  This causes the DNA molecule to be more 
susceptible to mutagenesis and structural degradation[10].   
Oxidation is an endogenous source of damage to DNA, as it can cause a 
mutagenic base legion.  The mutagenic base legion 8-hydroxyguanine is produced due to 
the presence of hydroxyl radicals.  The 8-hydroxyguanine will bond to adenine more 
readily than cytosine, thus causing mutations or helical distortion[8].  In a study 
conducted by Zhang and Wu, DNA samples that were air-saturated and exposed to 70°C 
heat were fragmented into small pieces, resulting in a smear on the agarose gel, while 
DNA that was heat treated at 70°C in an oxygen-free environment exhibited no signs of 
degradation[9].  These natural processes as well as exposure to other environmental 
factors such as endogenous and exogenous nucleases can all contribute to the degradation 
of DNA.  In cases where cellular death is a factor, DNA may be degraded by 
nucleosomes produced by the host cell or through nucleosomes that are derived from 
environmental microorganisms and lead to an insufficient STR profile for forensic 
interpretation[11].   
 
1.2 Collection and Storage of Forensic DNA Evidence 
Collection, extraction and storage of DNA are fundamental needs in forensic 
casework due to the use of DNA analysis to link a person to a crime, acquit the innocent, 
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or identify unknown individuals[12].  Biological samples can be collected at a crime 
scene in the form of biological stains such as blood or semen, or samples can be obtained 
directly from known individuals via a saliva sample.  Body fluids such as blood, semen 
and saliva contain nucleated cells in which an individual’s unique genetic material, in the 
form of DNA, is stored.  Successful and admissible DNA profiles are dependent on the 
quality and quantity of the source DNA, so the collection, preservation and storage of the 
evidence are essential[13].  Typically, emphasis is placed on the collection methods of 
biological samples in order to maximize the quantitative recovery of DNA as well as to 
minimize the possibility of contamination.  The success of generating downstream 
profiles is dependent on viable DNA extracts, thus the preservation and protection of the 
samples from degradation or loss is imperative.  Unless cells are desiccated, frozen or 
subjected to some sort of preservation technique, the DNA within a cell will become 
damaged overtime and can negatively impact the quality of the resulting profile[6].  
Stains of biological origin often times run the risk of degradation because analysis 
of the evidence may not happen right away.  This may be due to collecting evidence from 
an old crime scene or due to a backlog of casework at the laboratory.  Regardless, these 
types of samples have the potential to be exposed to different environmental conditions 
(heat, humidity, UV irradiation) prior to collection[13]. Biological stains are generally 
collected using a variety of types of swabs or are taken as direct cuttings from fabric 
evidence.  These types of evidence samples need to be dried before they can be stored for 
extended periods of time, in order to prevent the growth of mold or bacteria that may 
damage DNA.  According to the National Institute for Standards and Technology (NIST) 
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Biological Evidence Preservation Handbook, dried biologically stained samples are best 
stored in a temperature controlled environment, which is defined as less than 60% 
humidity with a temperature maintained between 15.5°C and 24°C.  Presently, forensic 
evidence samples stored for the long-term, in the form of DNA extracts, have a 
preservative added and are either refrigerated (2°C – 8°C) or stored in freezers with 
temperatures typically set at or below -10°C[1].  However, using freezers as a means of 
sample storage can result in limited storage space, high cost, and risk of electrical 
failure[2].  Transportation of these types of samples is also costly and requires special 
accommodations for proper shipment.  DNA extracts exposed to repeated freeze thaw 
cycles or that are stored for extended periods of time can result in reduced DNA yield, 
which can negatively impact the STR profile[3].  
Alternative dry and room temperature methods have also been accepted as means 
to store and preserve forensic DNA samples.  DNA is well preserved dried down in an 
environment that is free of moisture because the presence of water can cause the bonds 
between DNA strands to break.  Dehydration of DNA can be performed by spray freeze 
drying or air drying with or without stabilizing additives such as trehalose[3].  Different 
stabilizing agents such as SampleMatrix™ and DNAstable™ have been studied to assess 
their ability at storing and stabilizing DNA at ambient temperatures.  SampleMatrix™, 
manufactured by Biomatrica®, is based on the process of anhydrobiosis which is a 
mechanism employed by organisms to become dormant and promote survival while dried 
out for extended periods of time.  The matrix is thought to form a thermo-stable barrier 
via hydrogen bonding to the minor groove of the DNA molecule to protect the DNA from 
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degradation and damage[3].  In the study by Lee et al., DNA stored in SampleMatrix™ 
was protected against degradation for up to 12 months and maintained its integrity, 
resulting in a 2-fold increase of recoverability over samples stored in a freezer for the 
same amount of time.  This study also showed that storage of DNA in SampleMatrix™ 
did not affect the polymerase chain reaction (PCR) amplification process and samples 
that were desiccated and stored in SampleMatrix™ resulted in similarly complete STR 
profiles as samples stored at -20°C.  This study used amounts of DNA ranging from 
0.0625ng to 4ng over the course of 12 months to determine the sensitivity of the samples 
by observing the percentage of allele calls[3].   
DNAstable™, also manufactured by Biomatrica®, was shown to protect DNA 
exposed to differing temperature conditions (37°C and 50°C) and increase the production 
of successful STR profiles from low quantity samples over an extended period of time.  
In the study by Howlett et al., no alleles were recovered from control DNA samples 
exposed to 37°C and 50°C temperatures between days 45 and 112, while samples stored 
in DNAstable™ under the same conditions and for the same amount of time produced 
consistent allele recovery of Combined DNA Index System STR profiles compared to the 
baseline measurement[14].  Utilization of stabilizing agents for room temperature storage 
of DNA extracts would reduce the need for temperature-controlled storage and transport.  
These types of stabilizing agents also have the potential to allow for on-site collection, 
extraction and storage of biological samples/DNA in remote locations without the need 
for immediate freezing.   
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Mawi DNA Technologies has created two buffers, one lytic and one non-lytic that 
the company states can respectively stabilize DNA and whole and intact cells for 
extended periods of time at room temperature.  The iSWAB™-ID buffer reduces the need 
for an extraction step, as the cells will lyse and release DNA into solution in a single 
tube.  Use of the iSWAB™-Cells-400 buffer non-lytic buffer, which is still in 
development, would reduce the need of adding preservatives to the collected whole-cell 
samples and lessen the risk of damaging or losing evidence by drying the samples before 
storing them for up to 4 weeks at room temperature.   
 
1.3 DNA Extraction 
Extraction of DNA from nucleated cells is required before analysis and storage of 
liquid or dried DNA samples.  Common extraction methods include Chelex® extractions 
and automated QIAGEN QIAamp® column-based extractions.  Chelex® 100 is a resin 
that is added to chelate magnesium ions from the solution, which results in the 
inactivation of nucleases[15].  The addition of a heating step disrupts the membranes of 
the cells and denatures the DNA.  Centrifugation of the sample pulls the Chelex® beads 
to the bottom of the reaction tube and the DNA is pulled off in the supernatant for further 
analysis[13].   The QIAamp® DNA Investigator kit, utilizes a silica-based solid-phase 
extraction method to isolate DNA and provide a cleaner sample.  DNA absorbs to the 
silica in the presence of chaotropic salts.  Impurities such as proteins and nucleases can 
be washed away in a slightly acidic solution and the DNA is eluted in the presence of an 
alkaline buffer[16]. 
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Another method of lysing cells and storing DNA encountered in forensic 
laboratories is FTA paper.  FTA paper is a cellulose-based paper that is impregnated with 
chemical substances that lyse cellular membranes, denature proteins and protect DNA 
molecules from degradation and bacterial growth.  One advantage of FTA paper is that 
the cells are lysed on contact and the DNA is stabilized and protected for storage at room 
temperature[13,17].  DNA stored on FTA paper is easier to store and transport and the 
small punches from the samples can be added directly added to reaction tubes for PCR 
amplification and STR analysis[18].  
Mawi DNA Technologies has developed the proprietary iSWAB™-ID buffer that 
directly lyses cells, releases DNA and stabilizes the DNA in solution for storage in 
ambient conditions.  Over a several hour incubation period, cells in the buffer lyse and 
the resulting solution can be taken directly to PCR-based analyses, following a dilution 
step.  While specifically designed for use with buccal cells, iSWAB™-ID buffer has been 
shown to lyse cells in other human samples such as blood and semen[19,20].  The 
elimination of the need for additional extraction and stabilizing agents gives the 
iSWAB™-ID buffer advantages in scenarios where complex extraction procedures and 
cold storage are not readily available.  Also, single-tube lysis that is compatible with 
direct addition to PCR reactions is particularly helpful in forensics, as it reduces the risk 
of sample contamination.  
ZyGEM has developed another method of single-tube DNA extraction, however 
samples extracted using this heat activated enzyme technology must be kept in a freezer 
for long-term storage.  The ZyGEM forensicGEM® Universal extraction kit comes with 
8 
a buffer and the forensicGEM® EA1 enzyme.  These reagents are added to the evidence 
sample in a reaction tube and then placed in a thermocycler to activate the enzyme and 
initiate cell lysis[21].  This extraction method was used to prepare epithelial cell (e-cell) 
samples for downstream PCR analyses.  These samples were used as controls and were 
compared with the Mawi iSWAB™-ID extracted samples.  Semen samples can also be 
extracted utilizing ZyGEM reagents provided in the ZyGEM forensicGEM® sexcrime 
kit.  Acrosolv, a component of this kit, is a proprietary reagent that is used to aid in the 
extraction of sperm DNA when used along with the ZyGEM EA1 enzyme[22].  
 
1.4 Purpose  
 The purpose of this study was to evaluate the forensic applications of Mawi DNA 
Technologies’ iSWAB™-ID lytic buffer and its storage capabilities and to assess the 
compatibility of the in-development iSWAB™-Cells-400 non-lytic buffer with 
downstream DNA analysis methods used in forensic laboratories.   
Both e-cells and sperm cells are capable of being lysed in the iSWAB™-ID 
buffer.  The recommended incubation time for e-cell lysis is at least 3 hours, and the 
incubation time needed for release of DNA from sperm cells was reported by the 
manufacturer to be slower than e-cells, but the time needed for lysis was previously 
unknown[20].  Because the incubation time required for e-cell and sperm lysis were 
thought to be different, the potential of using the iSWAB™-ID buffer to perform a 
differential extraction was explored.  The fundamental idea behind this differential 
extraction was to allow a mixture of e-cells and sperm cells to incubate for 3 hours, first 
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releasing the DNA of the epithelial cells.  Following centrifugation, the 
supernatant/female fraction would be pulled off and stored for further analysis while the 
sperm/male fraction would be resuspended in iSWAB™-ID buffer and allowed to 
incubate for an extended period of time.  In traditional differential extraction, the addition 
of a reducing agent such as dithiothreitol (DTT) is used to reduce disulfide bonds and aid 
in the process of sperm cell lysis and release of DNA[23,24].  DTT has also been shown 
to act as an enzyme-stabilizing agent and has been added to select storage buffers[25].  In 
this study, DTT was added to the iSWAB™-ID lytic buffer to determine if it had an 
effect on amount of time needed for sperm lysis and to determine if it has any 
downstream effects on storage, DNA integrity and success of PCR amplification.  
The iSWAB™-Cells-400 buffer is designed to store and stabilize whole cells for 
up to 4 weeks under ambient conditions.  To assess the capabilities of this buffer, a 7 
week time course study was performed.  E-cells and sperm cells were stored in the 
iSWAB™-Cells-400 buffer for varying amounts of time, spun down and then extracted 
with the iSWAB™-ID buffer and ZyGEM methods.  The amount of DNA recovered was 
compared to DNA from samples deposited on a cotton swatch and left to dry for the same 
amount of time, since the cotton swatches could be added directly to the reaction tubes 
for extraction with ZyGEM reagents.  To maximize the recovery of the DNA present on 
the swatch, this method was employed to samples designated as the control for samples 
stored in the iSWAB™-Cells-400 buffer.  All samples from this time course were 
quantitated, amplified and analyzed to determine the quantity of DNA after long-term 
storage at ambient temperatures as well as the quality of the resulting STR profiles.  
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2. MATERIALS AND METHODS 
2.1 Preparation of Epithelial Cells from Saliva Samples 
 Approximately 2 milliliters (mL) of neat saliva was collected from a female donor 
in a 2.0 mL microcentrifuge tube (Eppendorf, Hamburg, Germany).  The neat saliva 
sample was centrifuged in an Eppendorf centrifuge 5424 (Hamburg, Germany) at 800 
relative centrifugal force (rcf) for 3 minutes to allow the separation of buccal cells, which 
form a pellet at the bottom of the tube, from other salivary components, which remain in 
the supernatant.  The supernatant was removed and discarded, and the pellet was 
resuspended in 1X phosphate-buffered saline (PBS) buffer to a total volume of 2 mL.  
The mixture was vortexted for 10 seconds and then centrifuged again at 800 rcf for 3 
minutes.  This washing and centrifugation process was repeated three times and after the 
final supernatant was removed the remaining pellet was resuspeded in 200 microliters 
(µL) of Tris-EDTA (TE) buffer (10 mM Tris, pH 8.0 and 0.1 mM EDTA).  The cell 
preparation was then extracted using the ZyGEM protocol and quantitated using the 
Quantifiler® Duo Quantification Kit (Applied Biosystems, Foster City, CA).  
 
2.2 DNA Extraction Methods  
2.2.1 ZyGEM Extraction of Epithelial Cells 
 Extraction of e-cells was performed utilizing a forensicGEM™ Universal kit 
(ZyGEM, Hamilton, New Zealand) containing 10X Buffer Blue and forensicGEM™ 
(enzyme EA1).  Each extraction was carried out by adding 2 µL of forensicGEM™, 10 µL 
of 10X Buffer Blue, 10 µL of the saliva cell preparation and 78 µL of TE buffer to a total 
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volume of 100 µL to a 0.2 mL reaction tube (Applied Biosystems, Foster City, CA).  
Samples were vortexed for 5 seconds and then placed in a SimpliAmp™ Thermal Cycler 
(Life Technologies, Woburn, MA).  The ZyGEM extraction thermocycler method uses a 
15 minute incubation at 75 °C to activate the proteinase and promote cell lysis followed 
by a 5 minute incubation at 95 °C to deactivate the proteinase.  
 
2.2.2 ZyGEM Extraction of Sperm Cells  
 Extraction of sperm cells was performed utilizing the forensicGEM™ Sexcrime kit 
containing 10X Orange Plus buffer, Acrosolv and forensicGEM™ enzyme.  Each 100 µL 
reaction was comprised of 10 µL semen sample, 10 µL 10X Orange Plus buffer, 10 µL 
Acrosolv, 2 µL forensicGEM™ and 68 µL TE buffer mixed in a 0.2 mL reaction tube.  
The extraction method thermocycler sequence was comprised of a 52 °C incubation for 5 
minutes, followed by a 3 minute incubation at 75 °C to activate cell lysis and finally a 3 
minute incubation at 95 °C to prompt proteinase inactivation[22].  
 
2.2.3 Mawi DNA Technologies’ iSWAB™-ID Buffer Extraction  
 Unless otherwise stated, all Mawi iSWAB™-ID buffer extractions were carried 
out in 1.5 mL microcentrifuge tube (Eppendorf, Hamburg, Germany) with a total reaction 
volume of 100 µL.  Cells were directly added to the iSWAB™-ID buffer and vortexed 
for 5 seconds.  The mixture remained at room temperature for varying amounts of time to 
allow cells to lyse.  Before the introduction to PCR, the samples were vortexed for 10 
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seconds and a portion of the extract was diluted to a 0.1X concentration with TE buffer to 
prevent inhibition of DNA polymerase activity.  
 
2.3 Sample Preparation and Experimental Set-up 
2.3.1 Timed Lysis of Epithelial and Sperm Cells in Mawi iSWAB™-ID buffer 
2.3.1.1 Multiple Tube Sampling of DNA Extracted in Mawi iSWAB™-ID buffer 
 A 50 µL solution of cells and iSWAB™-ID buffer was made having a 
concentration of 10 ng/µL.  The amount of cells added to the buffer was calculated based 
on the DNA concentration of the undiluted cell samples measured using the Quantifiler® 
Duo Quantification Kit.  First, the total mass of DNA needed in the final sample was 
calculated using equation 1 below, then the volume of neat e-cell preparation to be added 
to the iSWAB™-ID buffer was calculated using the total mass found from equation 1 and 
the DNA concentration determined from the quantification step of the cell preparation 
(equation 2).  Lastly, the amount of iSWAB™-ID buffer that was needed to make the 
final concentration of DNA at the appropriate volume was calculated using equation 3.  
These equations can be adapted to find the amount of neat cells and buffer needed to 
make a variety of concentrations at various volumes.  
 
(1) Final DNA Concentration (ng/µL) * Target Volume (µL) = Total Mass (ng) of DNA (based 
on experimental decision, 1000ng)  
(2) Total DNA Mass (ng) / Sample DNA Concentration (ng/µL) = Microliters of Sample Added 
to Buffer  
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(3) Total Volume (µL) – Volume of Sample Added = Volume of iSWAB™-ID Buffer to Achieve 
Desired Volume (µL) 
 
 Two compositions of reaction mixtures were used for extraction for both e-cells 
and sperm cells.  Half of the cell extractions were in Mawi iSWAB™-ID lytic buffer 
while the other half of the extractions were in iSWAB™-ID lytic buffer containing 0.04 
molar (M) of DTT.  
 For the time course of e-cell and sperm cell extraction in Mawi iSWAB™-ID 
buffer, twenty 1.5 mL microcentrifuge tubes were labeled with their respective sampling 
time (0 hour, 0.5 hours, 1 hour, 1.5 hours, 2 hours, 2.5 hours, 3 hours, 4 hours, 5 hours 
and 6 hours) and the appropriate volumes of cells and buffer were added to each tube.  
Each time point was tested in duplicate, designated as sample A and sample B.  After the 
cells were added to the buffer, the samples were vortexed briefly and allowed to incubate 
at room temperature for the indicated amount of time.  At each time point, the sample 
tubes were vortexted and 2 µL of the sample was removed and added to 18 µL of TE 
buffer in a 0.2 mL reaction tube to create the 0.1X dilution.  Following the dilution, 
samples were stored at -20 °C (for up to 3 days) until further testing.  The same protocol 
was followed for e-cell extraction in Mawi iSWAB™-ID buffer with the addition of DTT 
as well as for the semen extractions in both buffer solutions. The semen extracts were 
sampled every hour for 10 hours, excluding the 0 hour time point.  
 
 
14 
2.3.1.2 Single Tube Sampling of DNA Extracted in Mawi iSWAB™-ID buffer 
 The timed lysis study was repeated using a single extraction tube to measure the 
amount of DNA present in the extract during each time point.  For this experiment, 4 
tubes were prepared with a final volume of 300 µL as shown in the following table 
(Table 1). 
 
Table 1.  Volume of e-cell preparation and semen samples added to a single tube of lytic buffer.  The 
concentration of DTT in solution is 0.04M.  Final volumes for each tube were 300 µL. 
Tube 
Components 
Volume of E-
cells (µL) 
Volume of 
Semen (µL) 
Volume of 
iSWAB™-ID 
buffer (µL) 
Volume of 
DTT (µL) 
e-cell + 
iSWAB™-ID 
buffer 
23.9 - 276.1 - 
e-cell + 
iSWAB™-ID 
buffer + 
0.04M DTT 
23.9 - 264.1 12 
Semen + 
iSWAB™-ID 
buffer 
- 31.5 268.5 - 
Semen + 
iSWAB™-ID 
buffer + 
0.04M DTT 
- 31.5 256.5 12 
 
 A shorter timed study was performed on these samples, so aliquots were taken at 
0 hours, 30 minutes, 1 hour, 1.5 hours, 2 hours, 3 hours and 4 hours.  Each tube was 
sampled at the respective time point in duplicate by removing two 10 µL aliquots of the 
mixture and adding them to 90 µL of TE buffer in separate 0.2 mL reaction tubes to 
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create the 0.1X dilution necessary for PCR compatibility. The tubes were frozen at -20 
°C until further testing.  
 
2.3.2 Time Course Study of Mawi iSWAB™-Cells-400 Non-Lytic Buffer 
2.3.2.1 Pre-Experiment: Control Preparation for Mawi iSWAB™-Cells-400 Non-Lytic 
Buffer 
 Different variations of control samples were prepared to determine whether or not 
the Mawi iSWAB™-Cells-400 non-lytic buffer had any downstream effects on PCR.  
Stock solutions of the e-cell and semen were prepared by calculating the appropriate 
volume of cells necessary to obtain a DNA concentration of 10 ng/µL.  Cells that were 
extracted using the ZyGEM methods and the Mawi iSWAB™-ID lytic buffer were not 
subjected to incubation in the Mawi iSWAB™-Cells-400 buffer prior to their addition to 
the extraction reagents.  Instead, 10 µL of Mawi iSWAB™-Cells-400 buffer was added 
as a component of the extraction reagents in the place of some of the TE buffer.  
E-cells and sperm cells that had been stored in the Mawi iSWAB™-Cells-400 
buffer for 1 week were spun down and at 800 rcf for 3 minutes (following cell 
preparation protocol) and the supernatant was discarded, leaving approximately 10 µL 
remaining. To the e-cells, 90 µL of TE buffer was added and the solution was vortexed. 
To the first tube containing sperm cells, 265 µL of TE buffer was added and to the second 
tube 254 µL of TE buffer and 11 µL of DTT were added and the tubes were vortexed 
briefly.  Each of the tubes was sampled and quantitated in duplicate using the 
Quantifiler® Duo protocol.   
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Table 2 outlines the components added to 0.2 mL reaction tubes that were then 
subjected to their respective ZyGEM thermocycler protocols (as previously mentioned).   
 
 
Table 2.  Components of the ZyGEM reactions for extraction of e-cells and sperm cells with the addition of 
iSWAB™-Cells-400 buffer to test for PCR inhibition.  
Tube 
Name 
E-
cell Semen 
TE 
Buffer 
10X 
Buffer 
Blue 
10X 
Orange 
Plus 
Acrosolv EA1 
iSWAB™-
Cells-400 
buffer 
ZyGEM  10 µL - 68 µL 10 µL - - 2 µL 10 µL 
ZyGEM 
(reagents 
only) 
- - 78 µL 10 µL - - 2 µL 10 µL 
ZyGEM + 
Acrosolv - 10 µL 58 µL - 10 µL 10 µL 2 µL 10 µL 
ZyGEM 
+Acrosolv 
(reagents 
only) 
- - 68 µL - 10 µL 10 µL 2 µL 10 µL 
 
 
The following table outlines the components of the Mawi iSWAB™-ID lytic 
buffer extractions (Table 3):  
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Table 3.  Volumes of different extraction components for e-cells and sperm cells. Mixtures contained 
iSWAB™-ID buffer and DTT with the addition of 10 µl of iSWAB™-Cells-400 buffer to test for PCR 
inhibition.  
Tube 
Name 
E-cell Stock 
Semen 
Stock 
Lytic 
Buffer 
iSWAB™-
Cells-400 
buffer 
0.04 M DTT 
(final 
concentration) 
iSWAB™-
ID buffer + 
e-cells 
10 µL - 80 µL 10 µL - 
iSWAB™-
ID buffer + 
 e-cells + 
0.04M DTT 
10 µL - 76 µL 10 µL 4 µL 
iSWAB™-
ID buffer + 
semen 
- 10 µL 80 µL 10 µL - 
iSWAB™-
ID 
+semen+0.
04M DTT 
- 10 µL 76 µL 10 µL 4 µL 
Control 
iSWAB™-
ID 
(reagents 
only) 
- - 90 µL 10 µL - 
Control 
iSWAB™-
ID +0.04M 
DTT 
(reagents 
only) 
- - 86 µL 10 µL 4 µL 
 
 All samples extracted in the Mawi iSWAB™ -ID buffer were allowed to incubate 
at room temperature for 1 hour before a 0.1X dilution was made by aliqoting 10 µL of the 
extracted sample into 90 µL TE buffer into a 0.2 mL reaction tube and then frozen at -20 
°C until quantification was performed.  
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 Different dilutions of the Mawi iSWAB™-cells-400 buffer were also prepared 
and added directly to the Quantifiler® Duo reaction mix to determine effects of the 
iSWAB™-cells-400 buffer on the amplification of the internal positive control (IPC).  A 
0.2X dilution was created by mixing 20 µL of the iSWAB™-Cells-400 buffer with 80 µL 
of TE buffer. Another 0.2X dilution was made with the addition of DTT by combining 20 
µL iSWAB™-Cells-400 buffer, 76 µL TE buffer and 4 µL of DTT.  Dilutions with a 
0.1X concentration were made by adding 10 µL of iSWAB™-Cells-400 buffer in 90 µL 
TE buffer, and with the addition of DTT, 10 µL of iSWAB™-Cells-400 buffer was 
mixted with 86 µL TE buffer and 4 µL DTT.  Each of these samples (2 µL) was added to 
the 25 µL Quantifiler® Duo reaction mix and subjected to RT-PCR for quantification.  
 
2.3.2.2 Cell Storage in Mawi iSWAB™-Cells-400 Buffer vs. Cotton Swatch  
 Stock solutions of e-cells and semen with a final volume of 200 µL targeting a 10 
ng/µL DNA concentration were created to later be added to the iSWAB™-Cells-400 
buffer and cotton swatches.  Twenty-four 1.5 mL microcentrifuge tubes were filled with 
90 µL of Mawi iSWAB™-Cells-400 buffer.  Half of the tubes had 10 µL of the e-cell 
stock solution added and the other tubes were spiked with 10 µL of the semen stock 
solution.  Tubes were votexted and left out at room temperature for 3 hours (day 0), 1 
week, 4 weeks and 7 weeks.  Cotton swatches were cut to the dimension of 0.25”x 0.25” 
and placed under a hood.  Half of the swatches were spiked with 10 µL of the e-cell stock 
solution and the other half were spiked with 10 µL of the semen stock solution and then 
left to dry.  After the 3-hour time period, two e-cell tubes and two semen tubes were 
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centrifuged for 3 minutes at 800 rcf.  Approximately 90 µL of the supernatant was pulled 
off and to one e-cell and one semen tube, 90 µL of iSWAB™-ID buffer was added and 
the mixture was vortexted.  These samples were left at room temperature to extract for 1 
hour.  The remaining two tubes were filled with 90 µL of TE buffer. These samples were 
then extracted using the ZyGEM and ZyGEM + Acrosolv protocols. The swatches left for 
3 hours were placed directly into 0.2 mL reaction tubes and extracted according to the 
appropriate ZyGEM protocols.  This procedure was followed for the tubes and swatches 
at the 1-week, 4-week and 7-week time points.  
 
2.4 DNA Quantification  
 Samples that were extracted in Mawi iSWAB™-ID buffer were diluted in TE 
buffer to a 0.1X concentration prior to quantification as per the recommendation of 
Gordon[20].  Quantification of DNA was performed using the Quantifiler® Duo 
Quantification Kit on the 7500 Real-Time PCR system (Applied Biosystems, Foster City, 
CA).  The reactions were prepared to a total volume of 25 µL, comprised of 23 µL of 
Master Mix (12.5 µL reaction mix and 10.5 µL primer mix) and 2 µL of the DNA sample.  
The concentration of DNA extracts were calculated in Microsoft Excel using the 
following equation adapted from information outlined in Grgicack et al[26].:  
 
10^((CT value – y-intercept of standard curve)) / slope of standard curve = concentration of DNA  
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2.5 Amplification  
 Selected samples were amplified using the GlobalFiler® (Applied Biosystems, 
Foster City, CA) PCR amplification kit as per the manufacturer’s protocol.  The protocol 
called for 29 cycles for amplification targeting a total mass of 1ng of DNA, diluting 
samples with TE buffer when necessary.  For samples with DNA quantities that did not 
meet the 1ng target, 15 µL of the sample was used to maximize the amount of DNA 
amplified.  The samples were amplified on a GeneAmp PCR System 9700 (Applied 
Biosystems, Foster City, CA) along with positive and negative controls for each 
amplification cycle.  Sample products were stored at -20 °C until analysis on the capillary 
electrophoresis (CE).   
 
2.6 Capillary Electrophoresis and STR DNA Profile Analysis 
  Capillary electrophoresis of the selected samples was performed on a 3130 
Genetic Analyzer (Applied Biosystems, Foster City, CA).  A master mix consisting of 
highly deionized (Hi-Di) formamide (Life Technologies, Woburn, MA) and GeneScan™ 
600 LIZ™ Internal Size Standard (ThermoFisher Scientific, Waltham, MA) was prepared 
as per the manufacturer’s protocol.  Allelic ladder samples were prepared by adding 10 
µL of the master mix, followed by 1 µL of allelic ladder.  One microliter of DNA, with a 
target mass of 1ng was added to each sample wells and the 96-well plate was placed in a 
thermocycler for 3 minutes at 95 and 2 minutes at 15 as a denaturation step.  The 
resulting profiles were analyzed with GeneMapper® ID-X (version 1.4) software (Applied 
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Biosystems, Foster City, CA).  Analysis of the profiles utilized an analytical threshold 
(AT) of 100 relative fluorescence units (RFU).  
 
2.7 Statistical Interpretations 
 All statistical analyses were completed using Microsoft® Excel® for Mac 2011 
Version 14.7.2 (Microsoft, Redmond, WA) and/or JMP® Pro v. 13.0 (SAS Institute, 
Cary, NC).  
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3. RESULTS AND DISCUSSION 
3.1 Timed Lysis of Epithelial and Sperm Cells in Mawi iSWAB™-ID Buffer 
 Mawi DNA Technologies iSWAB™-ID buffer was designed to lyse human cells 
and stabilize the resulting DNA at room temperature.  Research by Gordon showed that 
DNA could be released from saliva, blood and semen.  Her study also demonstrated that 
full STR profiles could be produced from DNA stored in the buffer for up to 3 
months[20].   
  
3.1.1 E-cell Timed Lysis of Cells stored in iSWAB™ -ID Buffer 
 A concentration of 10 ng/µL of DNA was targeted in each of the tubes sampled at 
each time point over the course of this timed study.  Prior to PCR, all samples were 
diluted to a 0.1X concentration, as recommended in the previous study by Gordon, in 
which she found IPC inhibition for concentrations of the buffer 0.2X and higher[20].  The 
expected amount of DNA to be detected using real-time PCR (RT-PCR) was 1ng/µL.  
This was the expected value for both e-cell and semen samples.  After all the time points 
were collected and diluted, the samples were quantitated to determine the amount of 
DNA recovered.   
Samples extracted in neat iSWAB™-ID buffer with and without DTT added did 
not exhibit any inhibition of the IPC when quantitated.  The average recovery and 
standard deviation for each time point for multiple e-cell samples extracted in neat 
iSWAB™-ID and iSWAB™-ID + 0.04M DTT are shown in Figure 1.  At all time points 
tested, samples that were extracted in the presence of DTT showed an average of 17% 
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more DNA recovery than samples that were extracted in neat the iSWAB™-ID buffer.  
The first 6 hours showed an average DNA recovery of 0.452 ng/µL with a standard 
deviation of 0.049.  The relatively low standard deviation shows that the concentrations 
measured from hours 0 to 6 remained close to the average without too much change.  
This was a surprising result, as the manufacturer recommends a 3-hour minimum 
incubation time.  It was hypothesized that an increase in DNA yield would be observed 
after the 3 hour time period.  While no samples were taken between 6 hours and 8 weeks, 
the data shown at week 8 (sampled from the 0h tubes), indicated that there was a greater 
yield of DNA, with a resulting concentration of 0.755 ng/µL.  Week 8 resulted in about 
an 80% recovery of the expected 1ng/ul DNA concentration, which was about 0.2 ng/µl 
more DNA recovered than from hours 0-6.  DNA concentrations of cells extracted in 
both buffer mixtures remained consistent over an 8-week time period.  Based on the 
quantitative results, the presence of DTT did not seem to affect the storage and 
stabilization abilities of the iSWAB™-ID buffer.  No major loss of e-cell DNA was 
observed in any sample during the 8 weeks of incubation in the iSWAB™-ID lytic 
buffer.  
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Figure 1.  Average e-cell DNA concentration (ng/µL) ± 1 standard deviation from the mean of 
measurements taken at specific time points from a multiple tubes depending on the buffer type.  N=2 for all 
time points.   
 
In another experiment designed to measure the lysis time of e-cells, measurements 
taken at the same time points from a single tube also showed similar data as the initial e-
cell lysis study; however, the standard deviations were much smaller for the single tube 
samples.  This indicates that there was less variation between measured concentrations 
under this experimental condition.  All time points were compared to the 1ng/µL 
expected concentration, as calculated by the quantification of the neat e-cell preparation 
used to prepare the samples.  Figure 2 shows the average concentration of e-cell DNA 
measured from samples taken from the single tube preparations.  At weeks 5 and 7 the 
total expected amount of DNA present in the neat iSWAB™-ID buffer (1 ng/µL) was 
recovered.  Hours 0 to 4 only recovered approximately half of the expected DNA that 
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was added to the buffer (0.5 ng/µL).  No time points were taken between hour 4 and week 
5.  However, samples left to extract for longer than 24 hours can recover increasing 
percentages of DNA.  The DNA concentration of samples with 0.04M DTT added 
remained constant, between 0.6 ng/µL and 0.8 ng/µL, over the entire time course study.  
While there is more variation in the measurements taken from multiple tubes, the results 
from the first 4 hours of the single tube lysis are consistent with those of the multiple tube 
experiment.  
 
Figure 2.  Average e-cell DNA concentration (ng/µL) ± 1 standard deviation from the mean of 
measurements taken at specific time points from a single tube depending on the buffer type.  An outlier was 
observed at hour 4 in neat iSWAB™-ID buffer and was removed from analysis, so no standard deviation 
was calculated.  N=2 for all samples, except week 7 where N=1.  
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To further evaluate the integrity of the DNA, 1 ng of each sample was amplified 
using GlobalFiler® and analyzed via electrophoresis on the 3130 CE.  This data includes 
profiles from both the single and multiple tube timed lysis study to obtain a larger range 
of time points.  Profile analysis of the e-cells extracted in neat iSWAB™-ID buffer 
resulted in an average peak height per profile of 2267 RFU over all time points.  Figure 3 
illustrates the average peak height observed per allele per locus at the six time points 
(hour 0, hour 3, hour 6, week 5, week 7 and week 8).  The 7 and 8 week samples 
extracted in both neat iSWAB™-ID buffer and iSWAB™-ID buffer with DTT resulted in 
lower peak heights across all loci compared to the earlier time points.  In all observed e-
cell profiles, the loci with larger molecular weight alleles, such as TPOX, SE33, FGA and 
D12S391 had lower average peak heights per locus, which was consistent with the data 
observed in the control profile.  E-cell profiles generated from cells extracted in the 
presence of DTT had a larger standard deviation of peak heights observed per locus and 
the overall average peak height per profile was higher than the overall average PH of 
profiles generated from DNA extracted in neat buffer except at the 8 week time point 
(Figure 4).  The average peak height per profile of all samples extracted with DTT was 
2912 RFU, which is 645 RFU higher than the average for neat buffer extracts.  
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Figure 3.  Average peak height (PH) in RFU per locus for the time points sampled by amplification of e-
cells extracted in lytic buffer.  Loci are ordered how they appear on the electropherograms.  
 
.  
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Figure 4.  Average peak heights per profile of e-cells extracted in neat iSWAB™-ID buffer and iSWAB™-
ID buffer with 0.04M DTT for the indicated times.  
  
3.1.2 Timed Lysis of Sperm Cells stored in iSWAB™-ID Buffer 
For the multiple tube timed experiment, a concentration of 10 ng/µL of male 
DNA was targeted in each of the tubes sampled at each of the time points over the course 
of this study to determine the time it takes for iSWAB™-ID buffer to lyse sperm cells.  
DTT was added to a second set of tubes that were measured at the same time points to 
determine if there was an increase in DNA recovery or a change in the amount of time 
required for lysis.  An Acrosolv extraction of the neat semen sample resulted in a 
concentration of approximately 125 ng/µL, and that value was used to target 10ng/µL of 
DNA for incubation in iSWAB™-ID buffer.  Within the first hour of sampling, male 
DNA was detected in both neat iSWAB™-ID buffer and iSWAB™-ID buffer plus 0.04M 
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DTT.  While the quantity of DNA measured after diluting the iSWAB™-ID buffer to 
0.1X at this time point was less than the expected value of 1ng/µL, DNA was still 
detected.  Considering that sperm lysis was thought to occur much slower than e-cell 
lysis, this result was unexpected.  Semen samples extracted in neat iSWAB™-ID buffer, 
were measured to have on average approximately 45% of the expected DNA released 
into solution as compared to the 100% recovery of their DTT extracted counterparts.  The 
difference between the quantities of DNA detected in the samples was consistent over the 
first 8 hours.  Figure 5 shows the average concentration and standard deviation of sperm 
DNA measured at each time point.  Aliquots taken at hours 9 and 10 were only taken of 
sperm cells extracted in neat iSWAB™-ID buffer for extra data about unaltered buffer 
extraction.  The effect of the addition of 0.04M DTT can be seen after just one hour of 
incubation in the buffer.  The concentration of sperm DNA detected after one hour of 
iSWAB™-ID buffer plus DTT was consistent with the expected 1 ng/µL concentration. 
Sperm cells left to incubate in neat buffer only released an average concentration of 0.386 
ng/µL, only a 38.6% recovery of the expected amount.  The addition of DTT allowed for 
full recovery of the expected amount of DNA, demonstrating that in conjunction with the 
proprietary components of the iSWAB™-ID buffer, a faster and more efficient cell lysis 
can occur.  Although only one measurement was taken after 9 weeks, the greatest amount 
of DNA was recovered from the neat iSWAB™-ID buffer during this time point.  From 
hour 1 to week 5, the amount of male DNA detected remained consistently around 0.5 
ng/µL, however at week 9 the measured concentration was 0.830 ng/µL.  This result 
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indicates that the assumption that sperm cells take much longer to lyse than e-cells needs 
further evaluation.  
 
Figure 5.  Average male DNA concentration (ng/µL) ± 1 standard deviation from the mean of 
measurements taken at specific time points from multiple tubes depending on the buffer type.  N=2 for all 
samples.  Hours 9 and 10 were only sampled from the neat buffer.  
 
In the second timed study experiment, measurements from the single tube 
incubation were also consistent with the data collected from the preliminary sperm lysis 
study.  Just as with the e-cell lysis, the samples from the single tube lysis had smaller 
standard deviation values, demonstrating less variation between the two measurements 
taken at each time point.  Figure 6 illustrates the average male DNA concentration 
(ng/µL) measured from the time points (hour 0, hour 0.5, hour 1, hour 1.5, hour 2, hour 3, 
hour 4, week 5 and week 7) taken out of a single tube.  At the weeks 5 and 7 time points 
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there was an increase in DNA yield from the samples extracted in neat iSWAB™-ID 
buffer compared to the values observed after the first few hours of incubation.  
Respectively, the average DNA concentrations at these time points were 0.596 ng/µl and 
0.830 ng/µL, while from hours 0-4 the average concentration of DNA measured was 
around 0.4 ng/µL. This result shows that cells incubating in the buffer for longer than 5 
weeks produce approximately 70% of the expected DNA compared to the 40% DNA 
recovery observed over the first 4 hours.  The longer incubation times did not seem to 
negatively effect the DNA concentrations of semen samples extracted in neat iSWAB™-
ID buffer or iSWAB™-ID buffer with 0.04M DTT.  Additionally, measurements using 
the Quantifiler® Duo quantification kit suggest that no degradation of DNA was detected 
over a 7 week period.  
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Figure 6.  Average male DNA concentration (ng/µL) ± 1 standard deviation from the mean of 
measurements taken at specific time points from a single tube depending on the indicated buffer type.  N=2 
for all samples, except week 7 where N=1. 
 
 DNA profiles from amplification of 1ng of sperm DNA from the timed sperm 
lysis study were reviewed to determine if DTT or incubation time had an effect on 
downstream STR analysis.  The neat iSWAB™-ID buffer, profiles of weeks 7 and 9 
(from the initial timed study) produced the smallest average peak heights per locus.  
Although these values were smaller than the peak heights observed at earlier time points, 
all alleles were called and the peak heights were well over the analytical threshold (AT) 
of 100.  An AT of 100 was chosen due to the large resulting peak height values and the 
high background noise observed on the control profile of 1ng e-cell DNA.  Figure 7 
shows the average peak heights per locus of the second timed lysis study with the 
33 
addition of the week 9 sample measured from one of the initial sets of tubes. Overall, 
DNA extracted in the presence of DTT had higher average peak heights per locus.  The 
average peak height per profile for samples extracted in iSWAB™-ID was 2928 RFU 
while the average peak height per profile for samples extracted in iSWAB™-ID with 
DTT was 4120 RFU.  Figure 8 illustrates the average peak height per profile per buffer 
type over the course of the timed study.  
 
 
Figure 7.  Average peak height per locus of sperm cells extracted in neat iSWAB™-ID buffer and 
iSWAB™-ID buffer with 0.04M DTT for the indicated times.  Loci are ordered how they appear on the 
electropherograms.  
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Figure 8.  Average peak heights per profile of sperm cells extracted in neat iSWAB™-ID buffer and 
iSWAB™-ID buffer with 0.04M DTT for the indicated times. 
 
3.2 Assessment of iSWAB™-cells-400 Buffer 
Mawi DNA Technologies is also in the stage of developing iSWAB™-Cells-400 
buffer, a non-lytic buffer designed to stabilize and store whole and intact cells for up to 
four weeks under ambient conditions.  Experiments were designed to test the storage 
capabilities of the iSWAB™-Cells-400 non-lytic buffer and to determine if the buffer had 
any negative effects on downstream PCR analyses.  
 
3.2.1 Evaluation of iSWAB™-Cells-400 Buffer Control Mixtures 
 Prior to use of this buffer with e-cell and sperm cell samples, a variety of controls 
incorporating the iSWAB™-cells-400 buffer in combination with extraction reagents 
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were evaluated using Quantifiler® Duo to determine if there was amplification 
inhibition.  The IPC values were analyzed to determine whether the buffers, separate or 
together, would affect the downstream PCR reaction.  For all samples, 10 µL of 
iSWAB™-cells-400 buffer was added to the extraction reagents to a total reaction 
volume of 100 µL.  As recommended by Gordon, the mixtures were diluted to a 0.1X 
concentration, unless otherwise stated[20].  
 Different variations of iSWAB™-cells-400 non-lytic buffer and extraction 
reagents were mixed together and assessed for inhibition using real-time PCR.  The goal 
was to determine if the iSWAB™-Cells-400 buffer had any impacts on amplification 
since it was previously determined that the iSWAB™-ID buffer caused PCR inhibition 
without diluting the solution first[20].  The Quantifiler® Duo Quantification Kit and its 
associated internal positive control (IPC) were used to monitor inhibition of the 
amplification process.  The IPC is a control that is amplified along with the samples and 
its cycle threshold (CT) value must be within a predetermined and acceptable range in 
order for the reaction to be deemed successful.  If the IPC CT value does not fall within 
the acceptable range due to increased CT values, the amplification reaction is considered 
to be inhibited[27].  The expected IPC CT value range was 28.37- 29.98.  Table 4 shows 
the results of the RT-PCR reaction of the iSWAB™-cells-400 non-lytic buffer added into 
different extraction reagents.  This table combines the IPC values for extraction methods 
that are blank or contain the indicated reagents plus e-cells or sperm cells.  The IPC 
values for the sample labeled iSWAB™-ID + 10 µL iSWAB™-Cells-400 buffer in the 
following table are a combination of 80 µL of iSWAB™-ID buffer, 10 µL iSWAB™-
36 
cells-400 buffer and 10 µL of either e-cells or sperm cells (each done in duplicate, N=4).  
A sample containing 90 µL iSWAB™-ID buffer and 10 µL iSWAB™-cells-400 buffer 
with no cells was also grouped into this data set (N=5).  This same format was followed 
for the ZyGEM and Acrosolv samples, where two mixtures contained the appropriate 
cells and one mixture contained only extraction reagents (N=3).  The results shown in 
Table 4 indicate that no inhibition was observed from any of the buffer combinations, as 
all IPC values were within the accepted range (28.37-29.98).  
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Table 4.  Quantifiler® Duo results for the iSWAB™-Cells-400 buffer added to various extraction reagents.  
All mixtures containing either iSWAB™-ID buffer were diluted to a final concentration of 0.1X. The 0.1X 
and 0.2X samples were directly amplified and did not undergo further dilution.  N=5 for iSWAB™-ID 
samples, N=3 for Zygem and Acrosolv samples and N=1 for diluted iSWAB™-Cells-400 buffer samples. 
Sample Components Average IPC CT Value Standard Deviation 
iSWAB™-ID buffer + 10 µL 
iSWAB™-cells-400 buffer 
29.194 0.058 
iSWAB™-ID buffer + 10 µL 
iSWAB™-cells-400 buffer + 
0.04M DTT  
29.237 0.022 
Zygem extraction 
components + 10 µL 
iSWAB™-cells-400 buffer 
29.666 0.111 
Acrosolv extraction 
components + 10 µL 
iSWAB™-cells-400 buffer 
29.506 0.028 
0.1X iSWAB™-cells-400 
buffer 
29.505 One sample tested 
0.1X iSWAB™-cells-400 
buffer + 0.04M DTT 
29.517 One sample tested 
0.2X iSWAB™-cells-400 
buffer 
29.600 One sample tested 
0.2X iSWAB™-cells-400 
buffer + 0.04M DTT 
29.530 One sample tested 
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3.2.2 Assessment of TE Buffer “Lysed” Samples 
As a preliminary experiment, samples of e-cells and sperm cells were stored in the 
iSWAB™-cells-400 buffer for 1 week, spun down and the supernatant was discarded to 
determine if the addition of TE buffer caused cell lysis without additional extraction 
reagents.  TE buffer (90 µL) was added to the 10 µL of cells to dilute the remaining 
iSWAB™-Cells-400 buffer to a 0.1X concentration.  To half of the samples DTT was 
added and then these mixtures were added directly to the RT-PCR reaction without an 
extraction step.  The CT values of the IPC of these samples fit within the accepted range of 
28.37-29.98, except for one of the e-cell duplicate measurements.  The sample in 
question had DTT and TE added to the e-cells that were spun out of the iSWAB™-Cells-
400 buffer and the resulting IPC value was 30.003.  The duplicate of this same sample 
had an IPC of 29.925, which fit within the accepted IPC range.  Table 5 shows the 
average IPC values of the “TE lysed” samples as well as the resulting DNA 
concentrations observed, excluding the one data point that did not meet the IPC 
standards.  DNA was detected in small quantities from the “TE lysed” samples, even 
though there was no extraction method employed.  For e-cell samples, the DNA 
concentration for samples extracted with and without DTT was 0.003 ng/µL.  Sperm 
DNA was detected at a concentration of 0.030 ng/µL in neat TE buffer and in a 
concentration of 0.279 ng/µL in TE plus 0.04M DTT.  Overall, it was determined that the 
iSWAB™-Cells-400 buffer diluted to concentrations of 0.1X or 0.2X did not cause 
inhibition to the downstream PCR reactions, regardless of the extraction method used, 
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and that the samples treated with TE post-incubation did not release significant amounts 
of DNA. 
Table 5.  Quantifiler® Duo results for the cells spun down in iSWAB™-Cells-400 buffer and “lysed” with 
TE buffer.  Cells were “TE lysed” with and without DTT.  N=2 for all samples except E-cell + TE + DTT, 
in which N=1. 
Sample Name 
Average IPC 
CT Value 
Standard deviation 
Average DNA 
Concentration 
(ng/µL) 
E-cells + TE 29.915 0.0610 0.003 ± 0.002 
E-cells + TE + 
0.04M DTT 
29.189 One sample tested 0.003 
Semen + TE 29.902 0.013 0.030 ± 0.006 
Semen + TE + 
0.04M DTT 
29.837 0.136 0.279 ± 0.011 
 
 
3.2.3 Time Course Study on E-cell Storage in iSWAB™-Cells-400 Non-Lytic Buffer 
 E-cells were stored in the iSWAB™-Cells-400 non-lytic buffer for 0 days, 1week, 
4 weeks and 7 weeks.  For each time point cells were spun down and all but 10 µL of the 
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supernatant were removed and extracted using either iSWAB™-ID buffer or the ZyGEM 
protocol for e-cell lysis.  Control samples were dried down on 0.25 in2 cotton swatches 
and extracted with the ZyGEM method to determine if the buffer is a sufficient cell 
storage medium.  E-cells sampled at week 1 were only extracted using ZyGEM due to an 
experimental error with the iSWAB™-ID extracted samples.  Week 7 samples were only 
extracted using iSWAB™-ID buffer.  Week 4 extracted samples were compared to week 
7 swatch extracts, as no 4 week swatch data was analyzed.  Figure 9 shows the average 
DNA concentrations recovered using the different extraction methods over the three time 
points. Note that all samples were targeting 1ng/µL of DNA in the final reaction volume.  
Samples from day 0 and week 1 remained fairly consistent in the concentration of DNA 
recovered, however there was a slight decrease in detected concentration with the week 1 
ZyGEM extracts.  At week 4, cells extracted using both methods resulted in an average of 
about 14 times less DNA than then samples extracted for the day 0 time point, indicating 
the possibility of degradation of the sample.  The discrepancies in recovered DNA 
concentrations from the swatch may have been due to pipetting variation during the 
quantification step or when the samples were deposited onto the swatch.  
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Figure 9.  Average DNA concentration (ng/µL) of e-cell DNA recovered after cells were incubating in 
iSWAB™-Cells-400 buffer.  Samples were compared to cells stored on a cotton swatch.  N=4 for each time 
and extraction method sampled.  The error bars show ± 1 standard deviation from the mean.  The blank 
areas in weeks 1, 4 and 7 were not sampled.  
 
 
 
Analysis of STR profiles generated from these samples further indicated degraded 
DNA in the 4 and 7-week samples.  In the ZyGEM extraction of day 0 cells, the profile 
showed allelic dropouts at loci TPOX and SE33.  This was the only day 0 profile that 
showed any signs of dropout, however, based on the peak heights observed, the profile 
showed a lower amount of amplified DNA compared to the other day 0 samples, even 
though 1 ng of DNA was targeted.  Overall, this particular profile had lower average peak 
heights per profile that all other profiles generated at the same time point.  Figure 10 
illustrates the average peak height per locus of DNA amplified with GlobalFiler® 
targeting 1 ng of DNA.  Only the D22S1045 locus was detected in the week 4 sample 
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extracted with iSWAB™-ID and the 4-week sample extracted in ZyGEM only had alleles 
present at 6 loci.  The differences noted between the week 1 and the week 4 profiles may 
be due to the quantity of remaining DNA detected in the RT-PCR step.  While the target 
for all STR profiles was 1 ng, some samples, such as the 4-week e-cell iSWAB™-ID and 
ZyGEM extracts did not have enough DNA in the sample to target the full 1ng.  For these 
samples, the maximum extraction volume (15 µL) was added to the GlobalFiler® PCR 
reaction, 0.23 ng and 0.20 ng, respectively.  The week 7 samples incubated in iSWAB™-
Cells-400 buffer also showed both allelic and locus specific dropout.  In these samples 
the AT of 100 may have been too high to detect the small peaks that were present in some 
samples.  However to keep the data consistent, the AT of 100 was used to analyze all 
profiles.  In all samples incubated for 4 weeks or longer, over half of the loci were not 
called or completely dropped out, indicating that degradation occurred.  If alleles were 
present at a locus during time points measured beyond 4 weeks, their peak heights were 
much lower than those observed from the swatch or at earlier incubation times.  Cells that 
were extracted directly off of the cotton swatch produced fully successful profiles even 
up to 7 weeks of ambient storage.  This confirms the stability of biological samples stored 
in room temperature environments, as outlined in the Biological Evidence Preservation 
Handbook[1].  The storage and stabilization capabilities of the lytic and non-lytic Mawi 
DNA Technologies’ buffers were compared to storage of cells on a cotton swatch after 
incubation at room temperature for 7 weeks (Figure 11).  The week 7 iSWAB™-ID 
buffer result is the same data as reported earlier in Figure 3.  The information gathered 
from the STR profiles showed that degradation of DNA occurred for cells incubating in 
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iSWAB™-Cells-400 buffer.  For amplification, 1ng of DNA was targeted, but if the 
sample concentration was too low, the maximum amount of DNA extract (15 µL) was 
added to the GlobalFiler® PCR reaction.  No degradation was seen in the iSWAB™-ID 
buffer, however the average peak heights observed per locus was lower than that of the 
peak heights generated from the cells extracted off of the cotton swatch. 
 Figure 10.  Average peak height of e-cell alleles observed per locus of cells extracted after incubation in 
iSWAB™-Cells-400 buffer for the indicated times.  No iSWAB™-ID extracted samples were tested at 
week 1 and no ZyGEM extracted samples were tested at week 7.  All samples were amplified with a target 
of 1ng of DNA, with the exception of the week 4 iSWAB™-ID and ZyGEM samples which were amplified 
at 0.23ng and 0.20ng, respectively.  Loci are ordered how they appear on the electropherogram.  
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Figure 11.  Average peak height per locus e-cells stored in different conditions over a 7-week period.  Each 
bar graph is the data from a single profile generated on the CE, targeting 1ng of DNA when possible.  The 
sample stored in the iSWAB™-Cells-400 buffer was extracted using iSWAB™-ID buffer.  Loci are order 
how they appear on the electropherograms.  
 
 
3.2.4 Time Course Study on Sperm Cell Storage in iSWAB™-Cells-400 Non-Lytic Buffer 
 Sperm cells were stored in the iSWAB™-Cells-400 non-lytic buffer for 0 days, 1 
week, 4 weeks and 7 weeks and extracted using either iSWAB™-ID buffer or the 
Acrosolv protocol for sperm cell lysis.  Control samples were dried down on 0.25 in2 
cotton swatches and directly extracted using the Acrosolv method.  Samples from weeks 
1 and 7 were only extracted using the iSWAB™-ID buffer.  No comparison to the 
Acrosolv extraction method was completed at these time points.  Table 6 shows the 
average and standard deviation of the concentration of male DNA detected using RT-
PCR, as all samples were prepared to have a concentration of 1 ng/µL.  Just as seen with 
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the e-cell samples, the quantity of DNA detected from sperm cells incubated in the 
iSWAB™-Cells-400 buffer for 1 week or more, resulted in a lower yield of DNA.  The 
most noticeable decrease in DNA quantity was seen in the samples extracted after 4 
weeks of storage in the iSWAB™-Cells-400 buffer.  The concentration of DNA 
measured at week 4 is about one third less than the concentration measured on day 0.  
Samples from the swatch remained consistent in producing close to the total amount of 
DNA deposited onto the swatch (1ng/µL).  
 
Table 6.  Average male DNA concentration ± 1 standard deviation from the mean detected from samples 
incubating in iSWAB™-Cells-400 buffer at room temperature and extracted using the iSWAB™-ID buffer 
and Acrosolv protocols.  N=4 for all samples tested.  
 Extraction Method 
 iSWAB™-ID Acrosolv Swatch/Acrosolv 
Incubation Time 
in iSWAB™-Cells-
400 buffer 
Avg. Concentration 
(ng/µL) 
Avg. Concentration 
(ng/µL) 
Avg. Concentration 
(ng/µL) 
Day 0 0.319 ± 0.054 0.843 ±0.053 0.650 ± 0.078 
Week 1 0.114 ± 0.021 Not performed 0.603 ± 0.102 
Week 4 0.092 ± 0.028 0.327 ±0.044 Not performed 
Week 7 0.153 ± 0.054 Not performed 1.102 ± 0.400 
 
 Further analysis of the STR profiles generated from the sperm cells after 
incubation in the iSWAB™-Cells-400 buffer showed that the decrease in quantity of 
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DNA was determined to be the result of degradation.  After 1 week of storage in the 
iSWAB™-Cells-400 buffer, 4 loci (D16S539, TPOX, TH01 and SE33) all dropped out 
completely.  These loci have larger molecular weights, which make them more 
susceptible to degradation.  Samples extracted using iSWAB™-ID buffer had the same 
loci drop out with the addition of D2S1338 also dropping out, while the samples 
extracted using Acrosolv from the same time point had alleles called in all loci.  No allele 
or locus dropouts were observed in any of the week 7 profiles, and the swatch and 
iSWAB™-ID extracts had similar average peak heights per locus (Figure 12).  The 
average peak heights per locus of all profiles generated from day 0 samples were 
compared to the average peak heights per locus of all profiles generated from the week 
4/week 7 extracts.  Figure 13 shows the reduction in peak height values after sperm cells 
were stored in the iSWAB™-Cells-400 buffer.  Samples stored for 4 weeks showed signs 
of degradation for both extraction methods, as indicated by reduced peak heights or 
allelic dropouts.  Overall, there was less degradation and loss of sperm DNA than there 
was from e-cell samples.  This may be due to the presence of disulfide bonds in the sperm 
cells, which make them resistant to traditional extraction methods like the ones used in 
standard differential extraction.  Reducing agents such as DTT are used to help reduce 
the disulfide bonds, allowing DNA to be released from the sperm[23].  The presence of 
disulfide bonds may better protect the sperm from degradation in the iSWAB™-Cells-
400 buffer.  
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Figure 12.  Average peak height per locus of the sperm DNA extracted after being stored in the iSWAB™-
Cells-400 buffer from 0-7 weeks.  Weeks 1 and 7 did not have any cells extracted with Acrosolv and no 
swatch data is available for week 4.  All STR profiles were amplified with a target of 1ng of DNA when 
possible.  Loci are ordered how they appear on the electropherograms.  
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Figure 13.  Comparison of average peak heights per locus of semen cells stored in iSWAB™-Cells-400 
buffer for 3 hours (day 0) and 4 weeks.  Data for the swatch is from week 7 but is grouped with samples 
that were extracted after 4 weeks of incubation in the iSWAB™-Cells-400 buffer.  All STR profiles were 
amplified with a target of 1ng of DNA when possible.  Loci are ordered how they appear on the 
electropherograms.  
 
 
 
3.3 STR Profile Comparisons 
 Comparisons of STR profiles of e-cell samples stored in iSWAB™-ID for 7 
weeks compared to e-cell samples stored in iSWAB™-Cells-400 buffer for 7 weeks and 
extracted using iSWAB™-ID are shown in Figure 14 and Figure 15.  The same time 
comparisons of sperm cell profiles are shown in Figure 16 and Figure 17.  The two e-
cell profiles do not exhibit similar peak heights in the blue and green dye channels, and 
there is dropout at the larger loci in the iSWAB™-Cells-400 buffer profile.  Alleles with 
larger molecular weights are also much smaller in the iSWAB™-Cells-400 buffer profile 
and do not meet the analytical threshold in some cases.  The male profiles have relatively 
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similar peak heights for the smaller molecular weight loci, but in the iSWAB™-Cells-
400 buffer profile, the peak heights decrease as the molecular weight increases.  In most 
of the profiles observed across all extraction and storage methods, off-ladder alleles, 
bleed-through, dye blobs, and stutter were artifacts that were observed.  Off-ladder alleles 
are peaks that are called but do not correlate with the allelic ladder.  Most of the off-
ladder alleles observed were the result of bleed-through from an adjacent dye 
channel[28].  Bleed-through can be avoided by reducing the amount of input DNA 
amplified and analyzed using the CE.  Because the e-cell and sperm cell profiles were 
single source it was easy to distinguish the artifacts from a true allele, however if mixture 
profiles were to be analyzed the artifacts observed would cause issues.  
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Figure 14.  Blue and green dye channels of e-cells incubated in iSWAB™-ID buffer for 7 weeks.  No 
stutter filter applied in the GeneMapper® ID-X software.  The STR profile was amplified with a target of 
1ng of DNA if possible.  
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Figure 15.  Blue and green dye channels of e-cells stored in iSWAB™-Cells-400 buffer for 7 weeks and 
extracted using iSWAB™-ID buffer.  Degradation and dropout is observed at the larger molecular weight 
loci.  The STR profile was amplified with a target of 1ng of DNA if possible. 
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Figure 16.  Blue and green dye channels of sperm cells incubated in iSWAB™-ID buffer.  No stutter filter 
applied in the GeneMapper® ID-X software.  The STR profile was amplified with a target of 1ng of DNA if 
possible.  
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Figure 17.  Blue and green dye channels of sperm cells stored in iSWAB™-Cells-400 buffer buffer for 7 
weeks then extracted using iSWAB™-ID buffer.  No stutter filter applied in the GeneMapper® ID-X 
software.  The STR profile was amplified with a target of 1ng of DNA if possible.  
 
 
54 
4. CONCLUSIONS 
 Storage conditions which can maintain DNA integrity is an essential component 
when collecting or transporting evidence or known biological samples for forensic 
testing.  The ability to efficiently store a variety of biological samples is also a concern in 
clinical medicine and epidemiological research.  Mawi DNA Technologies has developed 
proprietary buffers and collection devices that aim to ease in the collection, stabilization, 
transport and storage of biological samples within a single tube.  Previous work done by 
Gordon to evaluate the limitations of the iSWAB™-ID buffer and collection device, laid 
the groundwork for this study to further analyze the storage and lytic capabilities the 
iSWAB™-ID buffer[20].  Two major findings were determined during the assessment of 
the iSWAB™-ID buffer.  First, both buccal cells and sperm cells undergo mild lysis and 
release DNA after just a few minutes of incubation in the lytic buffer.  The amount of 
buccal cell DNA released within minutes of addition to the buffer did not change over the 
first 6 hours, suggesting that the predetermined minimum 3-hour incubation time may not 
be necessary.  In general, 40%-50% recovery of e-cell DNA and approximately 40% 
recovery of sperm DNA were achieved using incubations shorter than 24 hours.  Greater 
recovery was observed at incubation times from 5-8 weeks for both cell types, and 
recovery near 100% was seen for e-cells during this time period.  The exact time point in 
which greater recovery can be seen is not known because no intermediate time points 
(between 24 hours and 5 weeks) were taken.  The second consideration to be made about 
iSWAB™-ID buffer is that the addition of DTT to a final concentration of 0.04 M 
increases the yield of sperm DNA to 100% recovery immediately upon adding it to the 
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lytic buffer.  The addition of DTT also slightly increased the yield of e-cell DNA (60%-
80% recovery).  Adding DTT to the iSWAB™-ID buffer did not affect the storage 
capabilities of the buffer or inhibit downstream PCR analyses.  While previous research 
suggested that sperm cells would take a much longer amount of time to lyse than e-cells, 
the results of this study determined that not to be the case.  This eliminates the use of this 
single tube, room temperature-stable lytic buffer from being a potential method of 
differentially extracting sexual assault samples.  These new determinations of the 
iSWAB™-ID buffer can be of use to the forensic science community, however there are 
some limitations to be noted.  
 A 100% recovery of e-cell or sperm cell DNA was not observed unless the cells 
were incubating the iSWAB™-ID buffer with the addition of 0.04M DTT or if the cells 
were incubating in the iSWAB™-ID buffer for at least 5 weeks.  Due to the time-
sensitive nature of forensic science, using the iSWAB™-ID buffer as an alternative 
extraction method for immediate DNA recovery (less than 5 weeks) would not be 
recommended unless the evidence contained a large quantity of DNA, such as the 
concentrations used throughout this experiment.  The DNA concentration of the 
incubating samples used in this experiment was 10 ng/µL and after the dilution factor 
used for PCR compatibility, the DNA concentration was 1 ng/µL.  Most evidentiary 
samples collected at crime scenes contain low-input DNA or are degraded in some way, 
which would necessitate the need of recovering the maximum amount of DNA, not just a 
portion of the total quantity as observed in this experiment.  The mild lysis of the 
iSWAB™-ID buffer may not be a reliable method of obtaining DNA from this type of 
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evidentiary sample.  However, if evidence needed to be collected and transported in the 
field with limited access to laboratory conditions or equipment, this buffer would prove 
to be more beneficial due to its lytic and stabilizing properties.  Since there were no 
negative effects of DTT observed in this study, there may be some utility in creating 
buffers with and without the addition of DTT.  
The non-lytic iSWAB™-Cells-400 buffer is a newer development of Mawi DNA 
Technologies that is designed to stabilize whole cells and allow for up to 4 weeks at room 
temperature.  This buffer was designed with the idea of performing proteomics studies 
from whole and intact cells.  In forensics, DNA studies are typically done on genomic 
DNA using STR analysis, however keeping cells whole and intact could allow forensic 
analysts to perform a variety of other tests to aid in human identification, if necessary.  
Some uses of storing intact cells for forensic science purposes would be to analyze 
mitochondrial DNA or physically separate cell types (sperm and e-cells) if a mixture 
sample is collected.   
Some important findings were determined from the assessment of the non-lytic 
iSWAB™-Cells-400 buffer.  First, the addition of 0.2X or 0.1X concentrations of the 
iSWAB™-Cells-400 buffer does not have an inhibitory effect on the downstream PCR 
based analyses and did not effect the lytic capabilities of the iSWAB™-ID buffer or the 
ZyGEM-based reactions.  Second, DNA from both epithelial cells and sperm cells 
exhibited signs of degradation after being stored at room temperature in the iSWAB™-
Cells-400 buffer for as little as one week.  This was a concerning result because of Mawi 
DNA Technologies’ statement that the buffer will stabilize and store intact cells for up to 
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4 weeks without the requirement of special storage conditions.  With its current 
configuration, this buffer is not suitable for storage of cells for longer than 1 week that 
are to undergo STR analysis.  While sperm cells were more resistant to degradation than 
e-cells in the buffer, degradation was detected in samples of both cell types regardless of 
the extraction method employed.  While the ability to detect and separate intact cells 
from solution was not studied, modifications to the buffer will need to be made before 
successful STR DNA profiles can be generated.  Based on the findings in this study, the 
current developmental stage of iSWAB™-Cells-400 buffer does not protect the DNA 
under ambient conditions and other storage methods, including the use of the iSWAB™-
ID buffer, are needed.  
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